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In the ev'olutionary history of tlie flowering plants there are 
several biological phenomena known to be of major consequence. 
Foremost among these, and perhaps the best understood, is 
polyploidy. A brief survey of any of the recent compilations of 
chromosome numbers of the Angiosperms (Love and Love, 1948, 
Delay, 1951; Darlington and Wylie, 1955) will suffice to show the 
frequency of this phenomenon. There are literally hundreds of 
examples of so called intraspecific polyploids reported, not to 
mention the even more frequent condition of interspecific 
polyploidy. 

The importance of polyploidy in the critical evolutionary fields 
of taxonomy, geobotany, hybridization, mode of reproduction, 
etc. has been shown and discussed by many workers (Love, 1951; 
Love and Love, 1949; Gustafsson, 1947; 1948; Muntzing, 1936; 
Stebbins, 1940; 1950; Darlington, 1956, etc.). Not only is the 

importance of polyploidy well known but much is understood 
concerning its biological mechanisms of operation. 

Because of the obvious significance of polyploidy in both con¬ 
tinuous and discontinuous variation of plants, it is a factor that 
cannot easily be dismissed in any detailed study involving the 
relationships of species or their modes of origin. 

Determination of chromosome numbers is, however, a time 
consuming operation, and becomes virtually impossible for 
monographers who deal principally with non-living herbarium 
materials, l^ome effort has been made to overcome this handicap 
and recently Khoshoo (1955) has been able to study chromosomes 
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I’roni lu'chariuiu iiiaterial in Ifnpdtien.s. llcnvevei’ (lie ((‘chiiiijues 
are rather laborious, the results far from tlu* best, and th(‘ extent 
to \vhi(ih the teehniijue is applicable is not y(*l known. 

Numerous studies hav(' been conducted that attempt to cor¬ 
relate morphological conditions with degree of ploidy (s(‘e Steb- 
bins, 1950 for review), and some workers believi' that there is 
jdmost always some correlation (Lcive, 1951). Although the 
general conclusion from these studies is that there* are no univer¬ 
sal criteria, nevertheless there are certain characters that have 
rather geneial application, l^'ori'inost among these is c('ll size*. 

From herbarium mate'rial thei'e are usuallv easilv available two 
types of cells (pollen grains and guard cells of the stomata). 
Since there is often some* overlapping betwe(*n cell size anel elegree* 
of ploidy, it is elesirable, and sometimes essential, to study the 
cell size of both before drawinir conclusions. 


In general, pollen grains are easily stuelieel, but the* conven¬ 
tional methoel for stuelying guard cells reciuirt'S a pretivatinent of 
the leaf, followed by scraping or stripping (deWet, 1954). In any 
e*vent some portion of the* specimen is mutilateel or elestroyed, a 
conelitioii that is very undesirable especially with valuable speci¬ 
mens such as types. 

In this report an impression method is de*scribe*el for the* study 
of the; guard (*ells of the stomata that is ciuick, reliable, and causes 
no damage to the specimen. 4'his methoel is base*el on the prin¬ 
ciples e)f impression long useel in paleontology, and with the use 
of se)me of the meeelern plastics gives very desirable results. 
Somewhat similar methoels hav<* been used by plant pathole)gists 
(Lenig & Clements, 1934; Husain, 1950) to eletect the open or 
clos(*d condition of the stomata. 

The pro(;eelure is simply to mix cellulose nitrate* in ae*etone 
until a viscous solution is obtaiiu'd. When tin* constanev of 

4 

the solution is such that it spreads smoothly with a camels hair 
brush, paint the surface of tin* leaf to be studied with the solution. 
This will work better if the leaf surface has been previously 
cleaned with acetone. The solution is allowed to dry thoroughly 
and is then peeled off with tw(*('zers. This plastic strip is then 

1 Jacoho Castro of this (loptirtrnciit, in a study invoiviii^r tin* n*lationshii) l)(.*tw(M*ii tin* 

op(*iiinn and closing of tin* stoinatn in win‘at. and h*af rust inf(*(*iion, has iJ8(*d (*(*1101080 acotfat(* 
and collodion with ecpial soc(‘(*s.s. IIis work shows that at dilT(*r(*nt t<*mp(*raton*s ditTi*ront 
plastics are preforaltle. 
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floated in a drop of u’at(‘r on a slide, covered with a cov(‘r slip, 
and is ready for study und(‘,r the niicrosctope. 

(’ell impressions prepared hy this nudhod are usually distinct 
(^i}^s. 1 S) and nnaisurennads can he made with considcn’ahle 
confid(Mice. 


Uksi i/rs 


In the pr(‘scnl study s('\(*ral j>;rass spcci<‘s com|)l(*xcs (►f the (rihe 
A ndropogonrac w(*r(‘ analyzed. A rather detaih'd st udy was made 
of th<' Dirlidnlhiiifn annulnhun comph'.x, which inclinh'd diploids 


( 2 // 


20), tidraploids {'In 


10), and he.xaploitls (2// 


00 ). 


Also studied, hut in less (hdail, were tetraploids, p(mtaploids, and 
hexaploids of the Bolhriochloa 



nninn complex, and teti’a- 
ploids and lu'xaploids of tlu' H. inicrnivdin and B. pc.rliim com- 
pl(*xes. d’h(‘ chromosom(‘ numbers of all a(*c(*ssions us(‘d in this 
study wer<* j)reviously d(*t<*rmin(Hl {(’(‘lai'ier, 1957; ('elarier and 
Harlan, 1955; ('elariei’, Mehra, and Wulf, in j)ress, and 

unpul)lish(*d). 

Pollen grains and stomata guard c(!lis w(‘re studied from both 
fixxsh material and herbarium specimens and the ix'sult-s ar(^ given 
in tables 1 and 2. Although most specimens w(*re only 
four years old, it seems likc'ly that, und('r propi'r storage' condi¬ 
tions, only a negligible amount of change would be exp(*ct(*d with 
the age of tin* specimen. 

I). .\.\.NIIL.\TU.M eo.Ml*l>KX 



or 


In the j)rcs(‘n( re'port tliOM* diploid, eight tctraploid. and two h(‘.xa|)loid 
aec(*.s.sions wen* stiuli(“d. dTic data an* |)n‘sent(*(l in tal)l(‘ 1, and figures 1-8 
sliow their gc'neral ai)|)earanc(‘. 

Poll<*n grain siz(^ was (piiti* \arial)l(* in all accessions witli a range* e)f 


ai)pre)xiniate'lv lO/u. He)wcve*r the means weTe* similar in ail ace-cssions of 
eine ploidy le*ve*l, anel ejnite* eliltcn'iit he'twe'cn |)olyploids (figs, f 3). The* 
eliple)ids me'ans range*d from 32.0 to 33.0a. the* tetraploids from 30.2 to 
.39.9a, anel the Itcxaploids from -12.9 to IS.7a. Pollen grains from li(*rharium 

specimens were .almost always sm.allcr th.an fresh m.alcri.al hut nsnally the 
me.aii values were of less th.an one micron dilTcrcncc. 

'rh(*re was also variation in stomata guard cell size hnt it was much le'.S'.; 
than in petllem grains and was in gcaicral, less th.an live microns. Again the 
me*an value's were (piite distinct .at the* elifte're'iit ploidy levels. In the fre*sh 
material the* nmans in the elipletids varie'el from 23.7 to 24.Sa. in the tetne- 
ple)ids from 30.0 to 32.0a, Junl the* he'xaploiels varie*el from 30.8 to 45.9a. 

The* .'^ame kind of variation w as .'<e*e‘n in the* he*rl)arium specime'iis hut guarel 
e’clls we*rc in all case's eeonsiderabl.v smaller than in fresh mjite*ri.al (figs. 4 (I). 
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TABLE 2. Comparison of pollen grains and guard cells with degree of ploidy in Bothriochlo'i species. 
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AllI kkij^Ii IIk' diploids, t(“tr:iploids, and licxaploids <*ould la* (‘asily dis- 
tiiifiuislicd from one aiiotlK'r in tlio herbarium materials it is obvious that 
eom|)arisons Ix'twei'n lu'rbarium and Iresli materials cannot be made until 
a correction fac,tor is establislu'd. 

Ib ISrnAKMUM ('OMI’LKX 

Two accessions (‘ach were studied in th<'- t(‘traploids, pentaploids and 
hexaploids (table 2). As in />. (ituiiddliiin th<*re is <‘onsid(‘rable variation in 
pollen jirain size (ca. It) I5;u) wlu'reas the raufje in variation in tin* puard 
c('lls is small (h'ss than Idu' mi'ans how(“V(a’ wen*, rather constant for 

both, but <li(t('rent in dilh'rimt ploidy h'vc'ls. 

In till' t('lraploids tlu' na'ans of pollen f^rain size ranged from 8<).7 tn 
•i7.l^ lor Iri'sh matc'rials a?id 35.4 t(> 3(i.()/Lt for spi'clnuais. d'lu' p(‘nta|)loi(ls 
r’anned from .37.S to .3.S.2/iz lor fn'sh materials and 3.5.5 to 39.3)u for s|)(“ci- 
mens, and in the he.xaploids the raiifije was 41.0 to 43.i)/x for fn'sh mat(‘rial 
and 40.0 to 4.3.0)U from s|)('cimens. 

Slom:il:i fju.ard c(‘lls w(‘r(' also distinct but as in I). <nniiihiliiiti .show«'d a 
bif>; dill(“r('nc<' lr()m b’esh m;it(‘rial to speciimais. 

In th(‘ let raploids th»‘ means ranjied Irom 2.5.0 to 2S.7^ in fn*sh matcu’ials 
and IS.O to I0.0)u in specimens, ddie ])entai)loids raiifjed from 20.0 to 
.l0.2/i in fn'sh mat('rials and 20.6 to 2l..3)U in specimens, and the hexaploids 
raiifjed from .30.7 to .3I.S;u in fresh material and 21.S to 22.0/i in specimens. 

In li. isriiantiuni it .st'ems that pentaploids cannot be easily separated 
from lu'xaploids on guard cell size alone but by the u.s(* of both |)ollen grain 
and stomata guard C(‘lls the separation is fairly n'liabh;. 

H. INTEH.MKDI.X (’O.MPLKX 

In this s|)(‘ci('s only two tetraploids and two lu'xaploids were u.sed. The 
t(*traploids w(*r(' readily distinguishable from the lu'xaploids with both 
polh'U grain size and stomata guard cell siz,e. Variation in both was rather 
similar to that .scaai in 1). annuldtum ami B. ischdcm/inn. 

The ti'traploids had a range in mi'an pollen grain siz<‘ of 34.7 to 36,9m 
in fresh matcuials ami .34.4 to 35.0m in specimens; wlu'nxis tin* hcxa|)loid.s 
rang(‘d Irom .39.7 to 42.0m in In'sh mat(*rial and 39.7 to 41.9m specimens. 
'PIk' rang(‘ ol the means in guard cell size were 2.5.5 to 2.5.<Sm in fresh 


mat(‘rials and 14.7 to 15.2 m in sjx'cimens for th(^ tetraploids and for tlu; 


lu'.xaploids were Irom 29.1 to 32. Sm for fresh materials and 19.6 to 20.1m 

for six'cimens. 

H. I’KirrrsA oo.mplkx 

In this specie's comph'x two tetra|)loids and tw(» hexaploids wen* used 
and the* n'sults w('re similar to those found in the; oth(*r sj)eci('s. 

1 he r;mg(i in polle'ii grain means was 35.S to .37.6 m for fn'sh material 

I'ills. 1 S. PolltMi ^rjiin.s arnl st«)mata miaul cells in I)irhnnthium attnuhifu m. I' i^s. I *1. 
Pullen of tin* tliret* pluitly levels. XiKlO. Fi^c, 1 <li|»lui<l. 2 letraploid. Fi>^. hexapluitl. 

I* I ( oinparison of stomata ^nartl cells from fresh mount.< anil pla.stii' peels of herbarium 
sptM'imens in the three ploidy levtds. Xl.driO. Fi^r. 4 diploid, a. fresh matiM'ial. b. plastic 
peel of MpecinuMi. Imjz;. ;> tetraploid. a. fresh material, b. plastic pi‘el of specimen. hi^!- 
he.xaploid. a. fn*sh material, b. plastic peel of speciimui. I'’i>is. 7 8. ('oinparison of plastii* 

peel of fresh material ( 7 ) with plastic peel of specimen {V'nr. 8 ) in the hexaploid. XdOO. 
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and ;P).() to lor sia'cimcns in I lie (('I raploids, and Hit. I to I for 

tr(*sli material and d7.l to 42.2/x for s|)(‘ciniens in the In'xaploids. 

The stontata jinard ec'll size was also distinct with means rannin^ from 

24.3 t.(t 2~y.Sfx in fri'sh material and I3.t) to I4.2;u in spc'ciiiKms for the t.<!tra- 
ploids; wlu'reas, the hexai)loids ranfi(“d from 30.0 to 34.IV in fn-sh material 
and 2t).2 to 2I.(V in specimens. 


DlSCPSSiO.N .\.\l) ('OXCLUSIO.N.S 

It lias b(‘(‘n shown that Itoth polUm grain and stomata guard coll 
size are fairly reliable indicators of the d(*gree of ploidy in sev'eral 

and 


of tin* genera Bolhriorhloa 


of the Old World specii's 
Dichanthium. It has also been shown by (lould (1957) t.hat 
pollen grain siz(‘ is useful in determining the degree' of ploidy in 
several of the Anu'rican spi'cies of Bothnochloa. 

In tlie spe'cies studii'd tln'ie' was no difficulty in distinguishing 
lietween diploids, tetraj)loids and hexajiloids. Ilowevi'r in /i. 
ifichaemum the diffei'imce's bet wec'ii the jx'iitaploids and he.xaploids 
were not so distinct, but by the use* of botli pollen grain and guard 
cell sizes a fairly n'liable conclusion could be drawn. 

In general it was jxi.ssibh* to place tlie materials studied in their 
jiroper ploidy levels liy polh'ii grain and guard cell size regai'iih'.ss 
of the species invoh’ed. IIowe\'(*r tliei’i' were (‘.xceptions to this, 
such as the t.etraploid I), (innulatuni A-4099 with pollen grains 
39.9/j and guard c(‘lls of 32.(V and the lu'xaploitl B. intcrmnlia 
A-4597 with pollen grains of 39.7^ ami guard cells of 32.8|u. 

Th(‘ impression techni(iu(' for measuring guard cells is shown 
to be (|uite reliabh' but, the actual measurements were in all ca.ses 
much less than tho.s(' made' fi’om fresh mati'rial. In order to 
determine what portion of this decrease* in h'ligth was due to the 
t('chni(|ue and what poll ion was diu' to the drying of tlu' spi'ci- 
nu'iis, nu'asurmiK'iits were* also made' from plastic strips take'ii 
from fre'sh mate'iial. 

In tin*diploid I). .\-32l2 llu* mean guard ci'll meas- 

un'inents fiaim fn'sh material was 21.;’)^ whcri'as the plastic 
st.ri|) measui'cmcnls from spc'cimciis was I3.(>x. Plastic strip 
im'asurenK'iits of fresh malciial of this at'ccssion were found to 
be 20. Ig. l''rom this it is scc'ii that a coiisidcrabh' portion of this 
<l('cr('as(' in size; is dm* to the leclmi(|U(' itse'lf but that most of it is 
jirobably due to the shrinkage in drying of tlu' sjK'cimens. A 
similar condition was found in the hexaploid (.figs. 7 S) but only a 
few nu'asun'ments were made'. 
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'^riu'sc stu(li(‘s s(‘(Mn to warrant (*(*rtain n'coninicMdations in the 


proce 





in 8tu(li{'.s wh(‘r(‘ it is dosirahU' to <I(‘t(‘rinin( 


chroinosonu' nninb<‘rs from iK'rharium speciim'iis. d’la* followinj^ 
appc'ar to 1)(‘ si}>;nificant,; 

1. Pollen ji;rain and stomata j>;ua.rd (*(^11 size' an* tisiially n^liahle 
indicators of p()lyj)loidy, and tin* use of both would b(> expect(‘d 
to }>;i\'e much moi’(‘ d('p(*ndat)le r(‘sults than ('itJu'r aloiu'. 

2. Actual chiomos<une counts slunild be mad(' from at haist. a 
lew |)lants of s(*veral {)oly|)loid le\els. Polhm j^rain and f!;uard 
cell measur('ments from these i)lants can serv(‘ as a standard. 

3. Data should Ix' calculated in terms of ranj;(*s and means, 
d'his secmis to be (‘specially important in studi(!s of pollen grains. 

■1. (iuard c('lls from h(*rbarium sp(‘cinu*ns can b(‘ r(‘liably m<‘a.s- 
ured by the impr(*ssion t(‘chni<|U(‘ but wh(‘n compaivd with fresh 
material a correction factor must b<‘ taken into account to off.set. 



5. ('ouclusions r(‘gardin^ chromosome number based on c<‘ 
size should be t !'ansf(‘rred to a si'cond s|)eci(*s with e.xtrenu* cau¬ 
tion, unh'.ss some chromo.soim' counts of tin* .second sj)(‘ci(‘s hav<* 
b(‘(‘n ma(l(‘ so that a standard can Ixi (‘stablislu'd. 

(). Data coiicei’iiinj:; c(*ll siz(' would Ix' a valuabh' additiem to a 
monograph e\ (‘n if tlie chiomosome numlx'rs of th(‘ taxa involved 
ar(‘ not known, in that tiu'y may otifer a. su^^estion of |)olyploidy 
and will Ix' available if cvtoloiiical studi(‘s are made in the futun*. 


SrMM.\KV 

Data are pr(!sent(‘d that (jemonstratc a c()rrelation Ix'tween tlx* 
d(“f»;re(‘ of polyploidy and size of polh'ii grains and stomata fj;uard 
cells in four species eomplexc's of tlx; gia.ss g(‘nera Dichanlhivm 
aixl Bofhriochloa. Thes(‘ studi(‘s W('i‘(‘ made' both from living 
mati'rial and dried Ix'rbarium specinx'iis. 

An impr(*.ssion technif|ue using plastic strips is outlined for tlx* 
study of stomata guard c(^lls from lx‘rl)arium specinx'iis. 
t(‘chuir|ue gi\'es reliabh* measurements without damage to the 
speeinxMis. 

Some ol tlx*, limitations to the u.se of c(*ll size as a gauge of |)oly- 
ploidy an* discu.ssed and certain recomnx* 




are (,)ff(*r(*d 

ba.sed on pr('s{*nt studi(*s. -defaktmkxt of botany and plan’I' 
PA’i'Honoov, a<;ri(’. kxi*. sta., Oklahoma siatk c.NivKxsrrv, 

STII.LWATKK. 


